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1.0 PURPOSE

The purpose of this development program was to design a

loudspeaker using a film of polyv inylidene fluoride (PvF2) as

the electro-acoustic transducer which would derive Its signal

and primary power from a backpack radio such as the PRC-70.

The size was specified to be 3-1/2 x 3-1/2 x 1 inc hes wi th a

weight of less than one pound . The required acoustic output

was 85 dB SPL between 500 and 2000 Hz at a dista nce of one

meter. The result of the program was a loudspeaker which

approximates the perforlMnce requirement but is Inherently

Inefficient In regard to primary power constai~ t ion .

Figure 1 is a cutawa y iiew of the loudspeaker.

CUTAWAY OF F V F ~ SPEAKE R

~
- Speaker Element G r i l l  Bezel 

—---— 3 .5 in. sq.—

Cable — 
L P I~~ A - P Al —

~iiii
t
~~~~

_ __ _

.156 In. // V ol t ne
k unting C l i p— --- / Cont rol—s-

• Amp li fier—

Mote : A l 1 components are not shown on amplifier board .

FIGURE 1
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2.0  SP~AK [R SYSTEM DESIGN

The speaker system consists of a high e fficienc y switching

power sup p li which is capable of operating from either 12 or 24

volt power ~upp 1i es , a pair of bridged amplifiers, a vol ume control

on - o~~ ‘..~it ch , and d thin film piezoe lectr ic speaker. The electri-

~1 ~~~~ and transducer are packaged in a 3.5 inches c~ uc~re by one inch

erI~ lOsurt- A I ~~ P~ d harness clip and low profile thumbwhee l volume

,~Lfl1~~r~i knu~~ . .
~ block diagra m of the design is shown in Figure 2.

2. 1 ‘ ra nsdu er Des i~ n

Thy transducer consists of four piezoe l ectric thin film

~1’~•
- ’w .• n t s  i~~~; r , si ’ - ~it el , 8 cm square and pol yure tha ne foam s pacers

m i  S u S :- t - , L - n  shown in F i - ; u r c s  3 and 4. Each piezoe lectric element

i S  a ‘ .- e•n n- i c ro n thick pol yvinyl idene fluoride (PV1
2) film. The

•~ i ? ~~ .~~i ; i f l 1 ’  i n ~~ c o n t r a c t s  p r c ip o r t T O n d f l y to the ap p l i e d  s ignal.

r y ‘~~2 ~i 1r’~ .‘ 1t ’ci t~nts provi le the driving force for the transducer

- ~~~ ~s ~~ ‘ vi i in’~ the r dlia ti nq diaphragm .

lv.r a film whose plane is norma l to the z ads.

~~bt ~n jo electr i c f 1~ 1r 1 is appli ed In the z direct ion across the

a stra in results in the x direction . The magnitude of strain

is r r ; :n r t 1 ,~ r~i 1 to the electric field. The electric fie ld , E , is

r,c l a y l  ~ •P’v appli ed siqn al volta ge , V , and the film thickness , d ,

• 1 1 . Thy ‘n<~xjmum electric field and the maximum acoustic output

is obtained by using film of ~‘in 1nium thickness.

2 
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12 or 24 ~~lt

Battery

70 Vo l t

Switching -- - -  — -

Powe r Supply

Amp 1 if i e r

- Gain -8.3

Volume Cont rol

On-O ff Switch

—r--- ’
Transducer

Aud io Input

Signal

Amplif ier

Gain • -l

SYSTEM BLOCk DIAGRAM

FIG URE 2
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n or~ler to o b t a i n  an acoustic output t I , i  t o -  speaker

there nj - c t  ~e • i in nio t ion in the di rn. t ion. Th is  is dc~~oi pl I shed

t~ shap i ng t~~it -  ~ ilni as a ~~~~~ ‘ion of a spherical surfa ce. A t~ o-

~i 1 ni e s p a n d s  and con t rac ts , the sphnn ica l  sur face is d isp laced in

t i d ijl . l i ’~~~~~. tion o r  d i re c t i o n  no~~~l tu the surface of the

~~~i In c n i t  1 ni  an a c o u s t i c  ii st .Ar~~m n. e. The z ‘~ tion is reinforced

~~ an .1 r ’ m n  ~;t ”~e nt o mul t i p i t  piez oel e . ri c i ii’ e le,~t n t s .

n it  en t s a n a r r a n -  e l  a r o u n d  a c o n v e  ~ pol ~ure thane ~~i ’  spacer.

2nn nIni~ nt e~ ;’in.I , as the other elenent con t ? i ts resu l t ing  in a

i spi .m n v - f l ’ ‘ ~ie foan - p m .  t n in I the t~ o i in elements in th e

.:i rt~~~i~~n . Th e mo t ion  is r t i n or~ ed fu rthe ’  i~i pl m c i n c ~ th in

• )i’ S~~ ’ j ~ n ’ - ani t. ’ a I li 1 O f l i  1 i In i - i t  t n t  ~ out ide o~ the

e1~ ~n c

t n~ I ., r~’ ~~•n - , 1 i~-~i 
— - b  tne  speaker is ;- rinar i l  v

inn  by i lm co -~p 1 ‘n v and t~~’ mas s - ‘ the ‘~- arn ~: - ace r .

r hi ~ i,. - , i 
~~

‘ , ~~y - • - a - -  a 1 :~~ de n s i~ , n I Ow comp i i -~ n~ 4

T~’e r e  a re  • m S a . m i l , m ~ ie p, bi1 h an. lowe r in len i t~ but t~~~
t - ’ - are

in ci.’-~- ; i l i anc , . ~ti l i :a t i o n  o f  t ho n 1o~ t r  j y n i t ,’ ~~~~~

ha n~~n ri .I usin mo re • a~ because ~~~‘ h r  f o a - ’ s

co n:1 i j n~ e a’~ woul d n.m •e resul ted in a h i  her ot a l mass. A h i  gh e r

-- i wnj i i  r~~,j ] ’ in e * t e n de d  low 4 r t q ~~m ’ n ~ r e’ pn nr e  at the expense

o ’ 1~~~y r  o u tpu t  a j iI ‘ .‘ .t’ nc in s. The ~n t  a p p r o a c h  ‘or t o t h

e tended 1 -~~ ‘ ri ~~4 • f l  ~ ‘
- - - t -  a n d  hi ‘:~ Out p i t is use he most

- -
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coi - - p l  i a n t  i i  im uva  i 1ab~ - mi n i I~I 1  :e mass. The fi ln I comp l lan ce

l’~ i ’ ,,’r~~~’ ;r )porti o nal t -  i t s  th i .  P ? 1 t ~~S S .  ~r-it-refore , one mus t

1 ililt ’~~ t a o i 1 all n i in w~ th  a very low difl ~ i t  
~~, 

low co in—

p i i ’ -  i s;-ace r -

2 2 t~~nr cl j ’j l: Ie ’c~~~~fl

uwe r su;Iply iS ~howr in F iiure 5. The  objective ‘~~

t n  I t S I  0 s ~ pl , a ‘0 yOl t DC out p.4 t fror a 12 or ‘4 .o l t

I ’  1 • 0 ‘ a  1 ’  ii i c i  nn~ y . A ~1 ~~ - - q a m  ~ 2 i r’~~~~j  t no I qa t i  Is

~~~~ t c~~ . t S  i ,l ’ i . i :  ‘ - . I t  ‘ - i S  t i n  - l r i~~t r  f o r  the power ‘ w i t~ bini~

s t o r , ,~~ ,.  ~0tn ;~~~ is on , current in L 1 
i ncreases and er ;i- r~ ,-

l-~ 1 1 - ‘ ‘ - m ; ‘ e t  I c ‘ i d  d s ored in he coi 1 . ~ben t On powe t

• ‘ 

~2 
~ ~~~~~ 

• h , ‘ , he co il s y n . r .- is t rons ’erred into

• 0 -  ~ :u - m ; e c m ;  1-  i t  “ , C~~. ~s he . lto ge in~ reases ~~~~ t O y ’

n . ;  , la~~- .,j l .,r - .- its . t j i  f l ’, on c a u s i f l~ ,. t~ turn on

- h - t  ~~5 • I • i -. i r • S t  ; a n i a’ -~ ~ - ‘~~i tcn ot

A ‘~ t O ’ - • I - - - ‘ C , li y ’ 1 ~~ t ‘‘ ‘ re ala - - . a 1 ~ t i i

- 
~~ . n ) • * , ‘ - .1 i - • or , -‘

~~~ 

ari d D , , k’u ins v~ ii - L
2 

and

- - i~~
, a ii er r pow .-r S i; p l •- r i p p le ani i n te r t e ro n  e ( r ~~

1 . 1  “ , - ; w . ’  ‘ l i- ads.

1.  ~ I i’  - ,.~~‘

‘ .- j — ’~l i ier C i r c , 4 i l i c ig ra l is shown in Fm ~ ure p— . The

~, i i n m l  is i ”,’r~~-r.~~ it ‘ i’~, 0 ,- the l b  rhr audi o ‘~ per p0%- n-

t1  ~~
-- . - % ‘ ‘- ron hp ; i • n Si~ ria1 is ‘c l  to art invert ing a—-p l i *

t - i sed  on t b .  LM 3 hlo~ v ltage m t  y~~ri ’.- - I Circuit operational 

, Ii fier j ” i  i , ‘ ‘ . ‘ r t _ -i i ’ i. ’ r based on a complr”-’cnt ~ry pa i r  of
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p&I ..a’v’ t i- a i i -  i s to , ’ ’, in a push—pull figurat ion . hi: vu  i t  a on ia in

o t o t S  ~i ; ’-; i 1i it- r is -8.3. Th is amp li ’ie r dr i~ es one ut the trans-

Ju~ tr l e a d -  and a second amp ] i i er . The second .t -; ; ;1 I fi i-c is ident i -

cal - - ‘he iry w i t h  t O t ’ except ion that the voltage oa in is -1.

The - ,e~ ini O p i  1 ’  icr ~ir i.i-s the other t ra nsducer  lead so tha t the

pa s’ ~n~m i s  f rom tw ’ a- ,- ’, i i ’iers are equal but l8O~ out II pha se.

‘It s i  ‘ t i  ,i;’pl ~ed to  t h y  speaker has twic e the -;,m ’,ir~u;’ v o l t a  ;t-

a - c m - In ,j:’- p i i i t ’r ~~,4ld ~~~ * au le t s u p p l y .  W i t h  a s i n~~le

-m - ; li * lCr • t Ot’ - a  • i-nun-- peal  to peal ~ul ta cit ’ appi ie.l to the trans-

- 11  i ; : - r o a  t~o- ~owt - l  supp ly ~o 1 t o t - . ~~i t b  the two ampi 1—

* ‘m rs in .m i t ;e c nf i -~ ;4 rat  1011 , thic ‘ cj m an; ; l y ’ ~ j~ to peak . 1  tage

• i t  : • ‘‘ .- ‘ - t , t - ’  i 11 a ;lp r lumc h wi  t’ the power sa~ 1 y

‘e  0 4 t  Cj r ’ nf l  anpl 1 f i y’r c oripi ernent ar p a m  r

— on ’ i t t - S 1’ cl ass B “
~~ Ic so t r -i b ot h  t ’ - a n s i s t .  r~ are it uto~ f

si : r — a 1 i r-,p~~ . T o ,- c ’  • r ins i s ’or ’ - a v . -  i nsi It he ampli fi er

* - ‘ .- tba 1 c o  so • ‘ ,m ‘ be non l i nea r  i t i v ’ s  a ‘-soc i a tel wit 0 n ;-era t I ng

r c~ t “ ar’  c- ‘---;-e ’- sated b~ t ime  feedback and high open loop o a i n

o • 
~~~ o. ‘ ‘ ‘ - i  ‘ i ona 1 a-~ ’ ii ‘ •‘r .

2 4  - ‘ç~ 
‘ m i - n -  ‘ ,j~ a~ cr

Th e y~ ’j l v ’ r i s  .-l c - c n ’ m r t i l y  v ’ o 4ivil e n t o a  .5~~- i c ro—

• 1 . - i  • •p~ m c r . Th is n y . ; r t ’ c ,pn ’ - , .1 v e r y  - l i f f i c u l t  load fo r  an

ii ‘icr dr m ,c’ . T o y ’  C u , ’ r . ’ r ’  ‘ l - ~~i r ; t o  a c a p i -  I t o r  and the

vol taqe ‘m ross m capac i * ~~~ ‘ m r~ ’ -~~t of p 1’ase - or t h e  outp ~t

10
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tr ,tr - , is t o ns  , th is -~ - ans  high current 1 c c ~~S t orough I . -  t r i l i - , i Stors

at h i ; h  v o l t ,mi t ’ s  req uir ing the t r a ns i s t o r s  to  diss ip ate a great

deal of powe r - The probi en; be. Ifyt’ -, worse at higher ‘ r.-~ ui-vn in

s i n~ e the i c ,md ‘mi’ ;pe 1an~ e of a capacitor drops as the frequency

1 f lc rt ’a  ses  -

The problem can also be describe d in ter~iis uI the

e rt e r  
~~
.- S to rm-  i ’ m the c a p a c i t o r .  At  the ;c t -a i  of each ha l f  c Ic le

- * 51 dna 1 o it adi- - , ) , the capac to r  i s  c ha r~~e I  t i  the peak sm : 11 11

• 1 ;e , s ’ ’ i O - ~ t - r ’ m e rq - f e i ua i  to 1/2 ~~
‘ 

~ou1es . As the vol tig e

on  ‘ ‘~ - , m ; - a c ’ m t  ;r decreases to :ero d~ r ’ mrm -~ the next quarter cycle .

‘~~s i-nec is ret ~rnt’c1 to the a~-p l m ’ i t ’ v ~ where it  i s d i ssi pat ed

as “ i-i * - To s i s  ri-pea ti-i du ni 11 1 each half cycle. Al I t h i s

1 -ti iron’ t h , ; - r l - -i a r - ,- powe r suppl y and is wasted in

t - o~ u- -, ’I powe r . The ~ m ’ t n  ~ powe r i s proportional to

‘ n t ’ ;  it - n . , .  At nat inun d O j ’ c t i C  O u t p u t  at  h’mq h f requencies,  t h e

i~~ 4 ,i!’ t 0 * b, - at dissi p ate - I h, the a r -;c li ’i.- r Is e x c e s s i v e .  Th is

‘ * 1 * 5 i n  - j rr ,- n(  j r ’m~~n ‘ro t h y ’  12 volt battery which can

e ‘ t  t ’e~l cf lP  ,m --- ; -n y -  at i i i  o ., p at at h igh frequencies

H
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As I~- - i - i n ed i biv i ’ , t i, - speake r w i l l  d e l i v e r  the required

~!put le vel. A ‘ ,~ ii~~ ô l  - ~- - ,;i1i nse iç shown in Fi  ~ure 1, Measure-

iiw~r c t S  ,~t -n e made uSin c i a c~i 1i t” it e d  Gen Rad mIc rophone placed at

1 n e ’ ’- ’  in en ’ ~f lc t 1 - ‘ A 
- ‘ ‘ i B c p I i i’  44 40 - pm ted ampl i f i er

i ,S ’ o rM c v m  - ‘i- asurer*nts “-ade in accordance with the require-

‘ 4” ’ S (100 I~ P~ at 1 ~ c’) s’ ijwe d T H[) l t- ’,5 than 2~ a t  400 , 1000 ,

—
, 

~ -: -
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speak er dev elopment program shows that i t  is

n o s i t i e  to ltl ’ig fl a loudspeaker which meets the perfonii~a nce and

wt ’’~~b t !r~~u 1 v ’.- ’ t n t s  spec if i ed , The environmenta l def i cien c ies

n t v I nc A ppend i i  A - u i - I  I v ’ eliminated or reduced to acceptable

ano ’ot’r de si in iteration . 8owever , the complexity 0~~

e , c  tru n iLs In lc - ’b the power suppl y and amplifier and the

i - S O C  I r- - wv- v 1 ,ict or mre ~~ m ci e ncy . in term s of pr ima r y power ,

C inn ’ tie S n ; n i  ‘ ‘ - :an t 1 ~ i”proved . As 1on~ as the speaker clement

15 , in .- ‘
~~

- 
• “ l o s s , ap i  I t c c r w i t h  a reactive component “‘ui b

1 ’ S S  ‘ i n  ‘- ‘• ‘ - -  i - ‘ i~~~t ’  Cj ’c pc n,-n ’ e’’ i C le n t “at h inq o~ the

- 11 ‘ ‘ e’ 1 11 ‘- -,v ’ r  Ii IC t , ; c j n  ‘ 1 cu I an when he pr m —ci r -,-

- A ’~~ DC ~ ‘ • 0] * I ~~
- i 5 1 ~~v -  r * bi n ‘ he y C)  1 taqe requ i red b ~

• ‘ - v~ ~~~~~~~~~ r v i ’  v - n t 
- ~ a ~~ ey ’t v ’r a pp l i- at ion ‘cU ( h iS  reported

i n  ~v ’ ‘ 
, ‘- - 100O-~ OOO •

~ : I - i n - I w m l ’ b  l i - i l ’ , to -i fract ional

tar ~~~ i 
‘
~~~~~ 

‘ m l  ‘ t i n - ’  v -”~~ ’ t ’ i b i ng is possible. In the

‘- v-- .-” • j ; - ;  ii - - -‘ , t “ ‘- in 1~ * ‘- is 4 - 4  ) -~~ ~-; mak 1 nq the

“ i i  , m r t~~~1 “‘ - -
- P . ~ ; -oase ; - wy-r factor) correction

‘ ‘ - .— ‘‘ . 
- ,  

- ‘ ~s ’ m -  ~fl , r , - j i i ’ i t i e  w o l  I involve i ron core

I ,  - i n  s an I ..-~~l t t i -  i n b p n t ’ n  1 ,  a vol ta :c step—down device.

*‘“ ‘ ( 1 )  ~~ i .m ~ 1k  o • 
m~ 4 r m  , m t i t ’ ’ r ‘amaquch i . Takashi Oyaba

in I ‘ c ‘ i ka ,’,4 ~~h1-’-~ , 
- lectroacousth. Transducers

w ’ ’ ’  r i ez me l y~ ‘ n c  1 i  ;i’ Polyme r Films ” , presented
‘‘- -- t v ’ ’ 10 , 1 ~74 a t  •

~~~.- - i ) t h  Convent ion of the
-~ - 10 nc , i rn e v - n i n i  Soc 1 , ~~~~~, New i o n - i

_ _ _ _ _ _ _ _  

- 
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‘ ht - r ,* t ~ ire , th y  dr ive must be “brute force” with its associated

~ icienty.

.0 ~ ~~~ A T 0 ~ 5

it is recorrr’mended that the subject program not be continued

( 1 )  A ireful trade -off anal ysis shows tha t the potential

w e t  ~‘ t  sa.inn and absence o’ a cobalt conta ining magnet (in a

. ‘ . “ c  - ; t - m v - t - ’ )  overwe ’ -4r1 s the electronic complexity and excessive

- n.- ’  I r a in , - i n

( - ‘)  An rie r of ma :nitude improvement in the activit y level

~. str ,’cs ’- * i I t )  o~ the P,~ 2 
mater ial can be achieved.

‘ v- t ho , ’ - in no W a 1  affects the potential use of ~~~ in

~~i C n l , ’ ’ t , - , i r ;c hon e use whe re the power levels are two or more

C’ tn ’ r S  0 ’ ‘a ‘ i i  tude io~ .-r .
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.1 -‘

t I’ i to’  to Y - and ‘1 
c t o  - - n ’ to’ ; -D~ ‘ .

)~~ S bel ~ ~~“* -  n •~~ii I~~- t , t L 4 e , c~~3 
mn - I ~~,

‘a ’ c n , Q 1 m r I - ~2, Ot’ - ; l f l S  c ~c l  i ” - ; .  and

p ~~
- ‘ - - ~~c p l - , ripp i t -  and i n t t c r t e n c !  ~

- con-

i- I c -

or  C l ’  J i •  l i , m ~~r 3 - n i s  S h - w r , i n  Fi -pu re o • t hy ’

‘
~ ‘ t ’ in;- i h-i the I chr aud io  t a p e r  poten—

, the s i na 1 is I ci to an i n v e r t i n g  ar;pl i ‘ - 1 - n

vc ’- lta ;e i ’ mtt - ; r a ’c -t circuit operational

-r~~l i ‘le n ha- - ”-I on a con-; lf’ ”ontary pal r of

7
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